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Abstract
By means of potentials derived from the second-moment approximation to the tight-binding model, isolated Pt adatom properties
on the vicinal Ni (997) surface are investigated. The comparison with the Ni adsorption on the vicinal Pt(997) shows that the fcc
and hcp sites are energetically very close. A promising effective pair interaction model is developed in order to study the surface
diffusion of Pt adatoms in the presence of an adisland on Ni(111) which will be very useful to understand the growth phenomena
in kinetic calculations.
© 2009 Elsevier B.V.
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1. Introduction
The diffusion of adsorbed atoms on crystal surfaces is a topic of great interest from both the experimental and the
theoretical point of view since it plays a fundamental role in many surface processes, such as surface chemical
reactions, adsorption, desorption, and crystal and thin film growth [1]. Surface diffusion on fcc (111) surfaces
occurs by a hopping mechanism i.e. an adatom jumps between adjacent minima of the potential energy surface [2].
For this reason the knowledge of adatom –adatom and adatom-substrate interactions is of a great importance on a
metal surface [3].
Moreover catalytic properties of bimetallic systems such as Ni/Pt or Pt/Ni have been found to differ strongly
from every pure metal component in some cases. For example, Goodman et al.[4] observed that Ni/Pt surfaces with
near monolayer Ni coverage on Pt showed higher hydrogenolysis activity than pure Ni or Pt surfaces. It is observed
also that recombinative D2 desorption occurred at low temperatures for bimetallic Ni/Pt(111) than for either Ni(111)
or Pt(111) [5] and that hydrogenation of cyclohexene [6,7] is favored on bimetallic system compared to simple pure
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metal. Despite all of these studies, no information is available about the structure and the formation of the bimetallic
surface. At present, one of the major challenges to understand the properties of the bimetallic surface is to
systematically control the formation of these polycrystalline substrates in order to study more precisely their
properties. Besides, the role of the defects has not been elucidated and the growth of the Pt or Ni monolayer can be
dramatically changed upon external parameters of experiments.
In the present theoretical work, we want to elucidate particular growth aspects of Pt on a vicinal Ni(111) surface
to well understand the role of the kinetic parameters on the formation of the adsorbed Pt structures. We consider
vicinal surfaces in order to introduce the effect of the defaults on the surface with wide terraces so that each step can
be considered as isolated (see Fig.1).
This study will be investigated by using a semi empirical potential. The calculations of the exact energy
properties are often tedious and an effective pair model will be devoted to simplify them.



Fig.1. Diffusion of a Pt adatom on Ni (997) surfaces
The paper will be organized as follows. In section I, we present the model used to calculate the potential
interaction energy of two metal species. Section II will be focused on the presentations of the results concerning the
energy properties of the Pt on the Ni surface.
2. Theoretical Model
The calculations presented in this paper are performed in the framework of TB-SMA model, developed by
Rosatto et al. [8]. Such a potential is written as the sum of two terms, namely an attractive band energy and a
repulsive pair interaction
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I and J indicate the chemical species (Ni or Pt) occupying site i and j respectively, IIr0 is the first-neighbor
distance in the metal I and 
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0 . The cut- off radius Cr is fixed at the second neighbor distance for the
largest atom. For the pure metal species, we have calculated the parameters (, A, p, q) by fitting them on
equilibrium bulk and surfaces properties [9]. For the Pt-Pt interaction, the calculated parameters are: APt-Pt = 0.241
eV, pPt-Pt = 11.875, Pt-Pt = 1.53 eV, qPt-Pt = 2.580. For the Ni-Ni interaction, the parameters are ANi-Ni = 0.14771 eV,
pNi-Ni = 9.4942, Ni-Ni = 1.1178 eV , qNi-Ni = 1.9809. The exponent  was equal to 2/3 which is a priori more
854 W. Essolaani et al. / Physics Procedia 2 (2009) 853–858
Essolaani Wafa et al. / Physics Procedia 00 (2009) 000–000 3
5,0 5,5 6,0 6,5 7,0 7,5
-3,80
-3,75
-3,70
-3,65
-3,60
-3,55
-3,50
-3,45
-3,40
En
er
gy
(e
V)
X (A°)
316 meV
26 meV
hcp f cc
fcc
5.0 5.5 6.0 6.5 7.0 7.5
-3.25
-3.20
-3.15
-3.10
-3.05
-3.00
-2.95
-2.90
En
e
rg
y
(ev
)
X(A°)
273 meV
13 meV
hcp
fcc
appropriate to fit the surface properties of the metal species [10]. The term ( )ijIJc rf represents a cut-off function
which avoids a drastic annulation of the energy. It takes a polynomial form in order to ensure a local continuity of
the first and second derivatives of the energy.
3. Results and discussion
Let us start with the diffusion of an isolated Pt adatom deposited on the flat Ni (111) surface. It is found that the
most stable adsorption site is a hcp site. The difference in energy fcc/hcpΔ between fcc and hcp sites is equal to 26
meV. The diffusion barriers are respectively equal to DE = 0.316 meV from fcc to hcp and 0.342 meV from hcp to
fcc. Comparing with the diffusion of Ni on the Pt (111), we have found a diffusion barrier from fcc to hcp equal to
0.273 meV while the inverse diffusion path need to overpass a barrier reaching 0.286 meV ( see fig2). The
agreement with experimental results was really good since the diffusion barrier have been experimentally evaluated
to be 0.260 meV[11]. The differences between the Ni/Pt(111) and the Pt/Ni(111) diffusion path could be due to the
cut-off distance which is a little bit higher in the case of Pt/Ni(111)
Fig. 2. Left hand side: Diffusion pathway of a Pt monomer diffusion on the Ni (111) surface from a fcc to hcp site. Right hand side: the potential
energy profile encountered by a Ni adatom diffusing from an fcc site to an adjacent hcp site on a Pt(111) surface.
The second stage of our investigation concerns the study of the Pt diffusion in the presence of small adislands.
The calculations are very tedious due to the non pairwise interactions. As a consequence, each environment should
be studied independently. Here we will prove that it is possible to modelize the influence of the lateral environment
of the adatom along its diffusion path by using effective pair interactions as it has been done with success for the Cu
on Cu (111) system [10].
The formula allowing us to calculate energy differences fhEΔ and diffusion activation barriers hfE → easily
are given below
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The parameter 0fhEΔ can be interpreted as the difference of total energies for an isolated adatom between f and h
sites, i.e. 0fhEΔ = 26meV (see Fig .2). The parameter 0fhE represents the energy barrier for an isolated adatom,
and can be interpreted as the difference of total energies for an isolated adatom between f and its saddle point,
i.e, 0fhE =316 meV (see Fig .2). We have thus four effective pair interactions, namely E1, E2 *1E and *2E to determine.
The coordination numbers corresponding to the two shortest bond lengths in f (Nfd1, Nfd2 ), h(N hd1,N hd2),and bridge
sites (
*
1d
N ,
*
2d
N ) depend on the configuration used to calculate the parameters of the model. These configurations
are depicted on Fig.3 for which we have to calculate the exact initial and final total energies as well as the diffusion
barriers (when existing) and the difference of total in order to parameterize our model.
Fig. 3. The 10 atomic configurations for which the energy profile of an adatom jumping from an f to a nearest h site have been calculated. Full
black circles denote adatom at f site; the h site is denoted by full gray circle.
The values of f (Nfd1, Nfd2 ), h (N hd1, N hd2), bridge sites ( *
1d
N , *
2d
N ) and their associated exact site and barrier
energies are given in Table I for these ten particular configurations.
Table I: The calculated difference hffh EEE −=Δ between the initial fE and the final hE total energies and the diffusion barriers hfE →
(when existing) for a Pt adatom jumping from an f to an h site for the 10 adatom environments shown in Fig.3.
configuration (Nfd1, Nfd2 )____________ (N hd1, N hd2) fhEΔ *1dN *2dN hfE →
1 (0,0)_________________(0,0) 26 0 0 316
2 (1,0)_________________(0,1) -308 1 0 361
3 (2,0)_________________(0,2) -580 2 0
4 (3,0)_________________(0,2) -1288 2 1
5 (0,1)_________________(1,0) 335 1 0 44
6 (1,1)_________________(1,1) 13 2 0 134
7 (2,0)_________________(0,3)
-229 2 0 356
8 (2,0)_________________(2,1) 442 1 3 354
9 (2,1)_________________(0,3) -843 2 0 903
10 (2,1)_________________(1,2) -408 2 1
Using a least mean square fit of the barrier and adsorption energies, we can determine the values of the
parameters which are shown in Table II.
Table II. The fitted lateral Pt-Pt pair interactions (in meV) for an adatom at (f or h) adsorption )( 2,1 EE and at bridge ( *2*1 ,EE ) sites.
E1 E2 *1E
*
2E
-717 -379 -667 -243
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Finally, Figs. 4a and 4b show the comparison between the exact calculated values of hffh EEE −=Δ and hfE →
with those fitted with the effective pair wise model. It is clear from these figures that the agreement is very good.
This pseudo pairwise model can thus now be used to estimate all the diffusion barriers of Pt adsorbed on Ni(111)
whatever its neighbouring. Near step, it has been shown recently that these parameters can be smoothly modified to
take into account the influence of the defect (mainly due to an excess of neighbours) in the formula.
Fig4.a.The calculated energy difference hffh EEE −=Δ between f and h adsorption sites and the corresponding fitted values for the 10 events
presented for the flat (111) surface in table I. b-Comparison between calculated and fitted values of the activation barriers hfE → for an f to h
jump.
4. Conclusion
We have shown here that it is possible, from simple formula (1, 2) to transform a complicated non pair wise
interaction into a pseudo effective pair interaction with the use of only four fitted parameters. The estimation of the
diffusion barriers as a function of the atomic environment of the diffusing atom becomes then less tedious and can
facilitate the development of the growth study. The final aim of this study is to use this model in a KMC simulation
to simulate completely the growth properties of Pt adsorbed on Ni (111) whatever the experimental temperature.
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